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Summary

In the austral spring (September-October) of both 2004 and 2005, a multi-institutional,
multi-national effort led by Carnegie Mellon University conducted an extended duration
robotic exploration of the Atacama Desert in Chile to devel op technol ogies and methods
for upcoming NASA missions that will search for evidence of past life on Mars. Our
project leverages this large-scale effort to measure and improve the effectiveness of
robotic science operations. This research will extend current analysis of rover-mediated
geology to rover-mediated habitat characterization. The work emphasi zes the effects of
different data collection and display techniques on the science team’ s conclusions. The
principal hypothesis of thisresearch isthat the quality and reliability of scientific
conclusions regarding past or present life in arid environments is dependent on the type
of evidence collected by the rover, the scientists' data analysis techniques, the processes
used by the scientists' to form and share hypotheses and conclusions, and the science
operations software. The principal objectives of this research, each specifically
associated with AISR program objectives, areto: 1) reduce mission development time by
analyzing how scientists characterize a habitat, 2) reduce mission development risk by
identifying mission-critical and problematic analysis tasks, 3) increase science return
from the data by analyzing long-traverse science collection strategies, and 4) increase
data return by refining the science interface to improve analysis effectiveness.

This research will analyze the processes used by astrobiol ogists and geol ogists when
searching for signs of life in aMars-like environment. Our previous and ongoing work
with robotic geology has successfully characterized limitations in scientific
interpretations caused by rover sensors, differencesin scientists interpretations, and
limitations of the science interface. These limitations were identified and studied using
perceptual experiments in which scientists analyzed sample images and physical
specimens. In addition, transcripts of scientists participating in asimulated rover field
experiments have been examined to further understand these limitations. This project
will quantify analyst and instrument limitations that could affect the success of future
missionsin the search for life on Mars and will develop mitigating strategies to avoid
inappropriate conclusions regarding the presence of life on Mars.

Introduction

The science information interface that displays rover-collected data during a planetary
exploration mission is the science team’ s principal window to another planet and is
therefore critical to the mission’s success. Previous rover missions and field tests have
demonstrated that the design of both the rover’sinstruments and the science information
interface affect the quality of the scientific interpretation of the remote environment. Our
recent research hasisolated and quantified specific differencesin scientific interpretation
between information presented in a picture and information directly perceived. What is
not yet established, however, is the degree to which limitations in specific science
analysis tasks can affect the scientific success of arover mission and whether strategies to
mitigate these limitations can significantly improve scientific success. Thisisacritical
research issue because if problems associated with rover-mediated scientific
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interpretation are not identified and corrected, they could mislead time-stressed mission
scientists toward overconfident, under confident, or erroneous scientific conclusions.
These are serious problems that threaten to jeopardize NASA’ s success in robotic
planetary exploration.

The long-term goal of this research isto improve the effectiveness of rover operations by
identifying the operational limits of scientific interpretation and discover means to
eliminate these limitations. The objective of this research project, which is the next step
towards attaining our long-term goal, is the analysis of the tasks conducted by a science
team during arover mission and the refinement of their science information interface to
enhance science operations. Specifically, we are analyzing the operations of a science
team engaged in afield campaign in the Atacama Desert, characterizing which analysis
tasks are the most limiting to the success of this campaign, designing and implementing
solutions that eliminate these limitations, and confirming that the solution may be
generalized to other remote exploration experiences. We need to carefully and
exhaustively characterize the analysis tasks conducted by the science team in order to
isolate the connection between any misleading or erroneous scientific conclusions and the
details of the analysis of the original rover datathat led to the misconception. Once the
connection between the analysis and the misleading conclusion has been made,
techniques may be developed that reduce the chance that similar mistakes will be
repeated in the future. This research will lead to rover science operation software that
mitigates common and egregious interpretation errors and improves the efficiency of
time-consuming tasks. Our research team is particularly qualified to conduct this
research because of our extensive experience building rover science interfaces, building
exploration rovers, running rover field experiments, participating in planetary missions,
and exploring remote and planetary terrains.

2.1 Objectives and Expected Significance

1. Reduce mission development time by analyzing how scientists characterize a
habitat. Determine what tasks scientists conduct during a search-for-life rover mission,
what information is used in these tasks, the time devoted to each analysis activity, and the
reliability of the conclusions that may be drawn from these tasks. The expected
significance of this objectiveis that future missions may be devel oped more quickly
based on clear definitions of what analysis tasks will be conducted, what data each
analysis requires, how long each analysis takes, and the limitations of the conclusions
that may be drawn from each analysis.

2. Reduce mission development risk by identifying mission-critical and problematic
analysistasks. Evaluate and compare the observations made by control-room scientists
during a search-for-life rover mission with observations of the same area made by
scientistsin the field and laboratory. Determine which control room conclusions were
accurate with appropriate confidence levels and which conclusions were false or made
with inappropriate confidence levels. The expected significance of this objective isthe
identification of analysis tasks based on rover-collected data that could mislead scientists
conclusions regarding evidence of life on Mars.

3. Increase science return from the data by analyzing long-traver se science
collection strategies. Assist in determining the effect of alternative rover data collection
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strategies during along (1 km +) autonomous rover traverse, comparing the effect of
collecting data samples at regular intervals, collecting data samples at |ocations specified
by scientists in advance, and collecting data samples at |ocations determined by the
rover’s autonomous subsystems. The expected significance of this objective isthe
validation that the proposed analysis techniques can help to optimize rover exploration
strategies to ensure the greatest scientific return for each rover mission.

4. Increase datareturn by developing science information inter face strategies that
improve analysis effectiveness. Refine an existing science information interface to
specifically support scientists in making accurate and efficient observations and
conclusions. The expected significance of this objective is the development of improved
science operations software and the quantification of science performance gains resulting
from the analysis and development supported in this proposal.

2.6.3 Timeline

The timeline of the original proposed project is outlined below. According to this
timeline al of the tasks up to task 2.2 should be complete by the date of this report.
Nearly all of these tasks have been completed. The exception is that two analysis tasks
from the 2004 LITA expedition are still ongoing because their results must be compared
with the results from the 2005 LITA expedition to determine their significance. There
are also several rock and soil samples from the 2004 expedition that are currently
undergoing commercial laboratory analysis.

2004 2005 2006 2007
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2004-2005

1.1  Participatein the Atacamafield campaign, two weeks of operationsin Pittsburgh,
collect audio and video tape recordings, as well as computer logging data indicating
which data was used by whom at what time. Send daily reports of science observations
and conclusionsto the field for confirmation by the instrument scientists, including
sample collections. (All) Thistask was successfully completed. Each day of operations
2 members of the lowa team were present in the control room throughout the test. Each
scientist wore a lapel microphone and six cameras were mounted in the ceiling to record
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the position of all the scientists. Each day of the mission we interrupted the scientists to
ask them to make 3 to 5 specific, testable hypotheses. These hypotheses were then tested
in the field either immediately by team membersin the field, or afterwards when
members of our team visited the Atacama.

1.2  Create transcripts of the audio recordings from science team leaders. Use video
recordings and data logs to trace which teams were working together at each point in the
mission and to which data they were referring. Analyze the person-hours that
accompanied each individual analysistask in order to find analysis bottlenecks among the
scientists. (Thomas) This task was successfully completed. Full transcripts of the
science team activities were collected and reported in the literature (e.g., Pudenz,
Glasgow, Thomas, et al., “ Searching for a Quantitative Proxy for Rover Science
Effectiveness.”). However, this data set has proven to be very rich and analysisis still
continuing.

1.3  Review transcript analysis, task analysis and interpretation network for domain-
specific accuracy. Resolve controversial observations from laboratory studies of samples
from thefield. Trace any analysis errorsrevealed in the field back through the transcript
to find the origin of each interpretation error. (Thomas, Cabrol, Anderson, Grin) Mostly
complete, with some continuing analysis. Thiswork has been completed for most of the
2004 study, although there was some delay in returning the rock samples from the field.
These samples were again collected in December and January and are currently awaiting
spectral analysis at acommercial laboratory. There was also some difficulty in getting
the scientists to unanimously commit to a particular interpretation for different
environmental features. Consequently, it isunlikely that we will be able to find direct
contradictions to scientific findings in the control room. This study is ongoing, however,
in parallel with the findings from the second year’ s analysis.

1.4  Study how the scientists interacted with the information tools and other artifacts
in the control room. Study how the tools meet or did not meet the scientists needs
throughout the mission. Determine if training, tools or equipment could have prevented
each error and whether the error might be a factor in past or future Mars missions. Create
recommendations regarding the information tools provided to the science team and
determine what features or functions would be useful in future missions. (Thomas,
Coppin). Mostly complete, with some analysis ongoing. Thefirst principle
recommendations from the first year of study involved the analysis of the EventScope
interface (see Appendix 1) which determined the substantial improvement made when
several refinements were made to the system after the first week of operations. The
second recommendation involved eliminating the collection and processing of the
stereoscopic images, which did not seem to be used heavily in the science analysis (e.g.,
Glasgow, Pudenz, Thomas, Cabrol, Coppin and Wettergreen (2005), Observations of a
Science Team during an Advanced Planetary Rover Prototype Field Test). This
controversial conclusion was contested by some of the scientists, but ultimately the
engineers down-graded the priority of the stereo-imaging. Although the performancein
the final year seemsto have been very successful, it will be difficult to document exactly
how much of this success was caused by, or perhaps limited by, the decision to down-
grade the stereoscopic system since the ultimate performance is confounded by so many
other factors. However, we were very encouraged by the fact that our analysisled to
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specific changesin the rover system based on observations of science effectiveness rather
than the scientists self-reports.

1.5 Refinethe science information systems (Thomas, Coppin). Complete. Coppin
and his team refined the EventScope and website interfaces throughout the mission.
Several of these changes were a direct result of the analysis created as part of this project.
Most notable among these are the specific benefit observed with adding templates to the
programming interface and the creation of aweb interface that allowed the scientists to
easily access the highest resolution version of the available data.

2005-2006

2.1  Participatein the 2005 field campaign, two to three weeks of science operations at
NASA Ames. Video and audio record scientist observations, as before, following
interrupt interview protocol, and track information usage with computer-tracking
software. (All) Complete. Thisyear we again participated in the LITA mission
operations room. Two members of the lowateam were again present throughout the
mission. Based on the observations of the first year, we decided not to transcribe the
entire mission, which was very expensive. Instead we are using digital recordings and
hope to combine our detailed notes and the fast access to various points of the
conversation to substitute for the complete transcripts. This year we also abandoned the
interrupt protocol because of the difficulty some scientists faced when asked to commit to
aparticular testable hypothesis. Instead we have based our analysis on the science
reports produced by the science team each day. These reports have proven to be much
richer sources of specific observations and hypotheses than the verbal protocols and aso
have greater validity than comments pulled for casual conversations. We also changed
the protocol to include the consistent observation of scientist activity every five minutes
throughout the mission operations.

2.2  Travel with science team to Atacama. Visit science sites explored by rover and
audiotape and record science team’ s observations of the sites for comparison with control
room observations. (Thomas, Cabrol, Grin and Anderson) This year we made two trips
to the Atacama Desert in Chile. The first trip was made before the Carnegie Mellon
Team had left thefield. Ingrid Ukstins Peate, a University of lowa geologist, traveled
with Thomas to 4 of the rover test sites. Together Thomas and Ukstins Peate developed a
protocol to test the various comments made in the transcript and in the science
summaries, took reference images of nearly al the rover stopping locations, and collected
rock and soil samplesfor laboratory analysis. Thomas and Ukstins Peate returned in
early January to study the 3 remaining rover sites. Thistrip wasimmediately followed by
the full science team and two more lowa student team members arriving in Chile. The
whole team traveled to all the rover sites. We provided books to the science team
members that documented all their science reports, and the key images collected from
each site. We also highlighted those sites that were of greatest scientific interest because
of interpretations made and verified or contradicted by our earlier site visits. For each
week of operations we took the science team to two rover locations and asked them to
reflect on approximately 7 features of the locales drawn from the science summaries. We
believe that these records and the video and audio recordings made in the field are the
first records of a scientist reflecting on their own observations made through a robot.
Thiswill form the basis of our analysis for task 2.3.
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2.3  Repeat task-analysis and observation-map analysis to determine if significant
changesin the scientist performance could be attributed to improvements in the tools the
scientists used. (Thomas) Ongoing.

24  Vadidate transcript analysis to verify domain-specific information. Resolve
controversial findings with results of laboratory analysis. Trace any errorsrevealed in the
field exercise back to the original datathat provided them. (Thomas, Cabrol, Grin and
Anderson)

25  Create recommendations regarding the information tools provided to the science
team and determine what features or functions would be useful in future missions.
(Thomas, Coppin)

2.6  Prepare software for the third-year field test. (Thomas, Coppin)

2.7  ldentify and prepare logistics for third-year field test. (Cabrol, Grin and
Anderson)

2006-2007

3.1  Travel to third-year test site. Collect a data sequence simulating a rover moving
about the remote terrain. (Thomas, Anderson, Cabrol, Grin)

3.2 Install field data on three version of science interface software. Recruit three
science teams to participate in three sessions, one with each software package, separated
by aperiod of at least one month. Record audio, video and data interaction during the
experience.

3.3  Analyze transcripts to determine what data hel ped the geol ogists make different
observations. Compare these data sources to data sources that are more traditionally
build into arover. (All)
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Challenges and Opportunities:

One of the greatest challenges that emerged from this study was the realization that
objective truth is more nebulous than we had expected. The fundamental logic of this
proposal was that we would compare the observations of the scientists with the “true”
observationsin the field and laboratory. The difference between the rover-mediated
observations and the field observations would represent the “error” which we would then
design to correct. Several factors seemed to work against this approach:

1. The scientists often expressed their ideas as arange of possibilities. Sometimes
thisrange was so large that it precluded very little. In some casesit would be
nearly impossible to make a field observation that contradicted the science
summary.

2. Sometimes the meaning of aword used by one scientist differed from the
meaning used by another scientist. Consequently if a scientist in the control room
reported that there was a desert pavement habitat, for example, his or her notion
of what constituted a desert pavement habitat might be different from a scientist
inthefield. Consequently, athough the difference of opinion might be recorded
asan “error,” it was merely a difference of meaning.

3. Inthefield several scientists could look at the same feature and come to different
conclusions. For example, at one site the scientists were asked whether there was
apaucity of white rocks. Three scientists said that there was a paucity of white
rocks. Another, who happened to be very interested in white rocks, and had been
moving from one to the next, examining each in turn, reported that there was no
paucity of white rocks. Apparently “truth” depends on one’'s frame of reference.

4. In some cases, when the observation in the field seemed to contradict an
observation made in the control room, the scientists searched for areason for the
difference and, instead of reporting that there was a difference in the observations,
sought to explain why the differences were there. It isvery difficult to separate
rationalization from objective observation in these cases.

We will continue to refine our protocols to address these challenges. For example, this
summer Thomas has received a grant with Ukstins Peate and another 1owa geologist,
Mark Reagan, to develop a system for objective evaluation of geologist performance.
We hope that this new assessment technique will help to reduce the challenges presented
above. The general strategy isto create a culture in which very specific, low level
observations are made and these low level observations are then used to support higher
level interpretations. The science team seems very amenable to this approach.

We have aso begun plans for the year 3 investigation. The location of this new test site
will not be publicly disclosed in order to ensure that the analysts are not able to use
information about the general geographic region to improve their interpretations. We
hope to visit this new location in August of 2006. We will use a specially equipped
camerato simulate a dataset taken by arover. We will then use these new data setsto
simulate an entire rover mission and determine how well a science team can interpret the
data from the new site.
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City, Utah.

Glasgow, Justin, Erin Pudenz, Geb Thomas, Nathalie Cabrol, Peter Coppin and
David Wettergreen (2005), Observations of a Science Team during an Advanced
Planetary Rover Prototype Field Test, Ro-MAN Conference, August 13-15,
Nashville, TN, 2005.

Thomas, G., Coppin, P., Cabrol, N., Wettergreen, D., Pudenz, E., Glasgow, J.
(2005), Collaborative Virtual Environments for Control of Planetary Exploration
Rovers, Special Session on Human Robot Interaction, Human Computer
Interaction / Virtual Reality Conference 2005, July 22-27, 2005, Las Vegas, NV.
G. Thomas, Engineering Robotic Geology for Mars Exploration, I1E Annual
Conference, March 2004, Houston, TX.

K eynote speech, “ Science with Robots on Earth, the Moon and Mars,” ASME
Student Leadership Training Seminar, lowa City, |A 9/24/05.



Robotic Geology Final Report

1/23/06

Appendix A

Template and Positioning Features Have a
Notable Impact on Rover Planning Software
Package'

Erin Pudenz, Justin Glasgow, Geb Thomas
Mechanical and Industrial Engineering
The University of lowa
lowa City, |1A, 52242, USA
geb-thomas@uiowa.edu

Nathalie Cabrol
NASA Ames Research Center/ SETI Institute
Moffett Field, CA, 94035-1000, USA
ncabrol @mail.arc.nasa.gov

Abstract — This study measures the efficiency
of rover task planning in EventScope, a software
tool used during a simulated planetary exploration
mission. Specifically, it considers how allowing
users to indicate positions with virtual pins on a
map and providing reusable, modifiable
programming sequences, or templates, resulted in
an almost four-fold efficiency improvement during
the Life in the Atacama rover field experiment. In
this experiment a rover controlled by scientists in
Pittsburgh, PA spent two weeks searching for
potential habitats in the arid Atacama Desert in
Chile. The science team directed the rover to
autonomously navigate distances of several
kilometers between target Sites. Task
programming efficiency was measured as the time
spent using EventScope to create the daily rover
program sequence divided by the number of
individual rover tasksin the sequence. There was
no significant difference in time spent using
EventScope between the two conditions, but the
science team created more complex programs and
were able to enter the programs in quicker when
the programming aids wer e available.

Index Terms — Human Robot |nteraction, Mobile

Robots, Supervisory Control, Vehicle
Teleoperation Interface, Remote Rover
Exploration

|. INTRODUCTION

Peter Coppin
Carnegie Méellon University
5000 Forbes Ave
Pittsburgh, PA, 15213, USA
coppin@cmu.edu

David Wettergreen
Carnegie Méllon University
5000 Forbes Ave
Pittsburgh, PA, 15213, USA
dsw@cs.cmu.edu

The value of using remote robotics to
explore potentially dangerous and distant
environments has become more apparent with
the recent success of the 2004 Mars exploration
mission. Now the focus is on creating more
efficient ways to perform these remote missions.
Mission success depends on effective
communication between the science team and
the rover [1, 2, 3]. Much of this communication
emphasizes the rover's motion and navigational
tasks. Thus, creating an efficient way in which
to generate these tasks is essential to a successful
mission [4].  Software packages such as
EventScope can facilitate this communicate by
consolidate the information provided by the
rover and put this information in the context of
the remote terrain in which the rover is
operating. Whereas previous reports of software
for rover programming often emphasize the
capabilities provided by a particular package [5,
6], this paper considers how changing aspects of
a single tool can radically affect tool
performance. It aso introduces a general metric
of performance that will allow other researchers
to compare disparate task-level rover
programming software. The two versions of
EventScope were compared during the two
conditions of year two of the Life in the Atacama
field campaign. The mission objective was to
search for possible life in the Atacama Desert.

! Thiswork is partially supported by NASA's Applied Information Systems Research Program under NASA grant NAGW5-
11981 and NNGO5GA51G and the Astrobiology Science and Technology for Exploring Planets under grant NAG5-12890.
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EventScope aided the science team in developing
and sending rover plans to the semi-autonomous
rover Zoé in the Atacama.

Remote robotics has advanced considerably
in space exploration since ROTEX, the first
robot that was remotely controlled in space [7].
Rover autonomy is one area that has advanced
substantially. Although, intuitively it seems that
an increase in autonomy would result in a
decrease in human interaction, research has
shown that as the autonomy of the rover
increases, there is an increased need for human
supervision [3, 8]. However, there has yet to be
a general way to compare the different software
packages that alow for human-rover
communication.

In the Atacama mission, scientists in
Pittsburgh, PA supported by scientists at other
regions in the United States supervised the
activities of Zoé. This mission used a
supervisory control method which allowed the
science team to communicate with Zoé.
Supervisory control consists of an operator or
“supervisor” who sends a task or sequence of
tasks to the rover [9], which autonomously
completes the tasks [4].

Here we define atask as an activity or group
of closely related activities that describe a single
unit of work as envisioned by the rover designers
and programmers. The complexity of a task
depends on the rover, its design, and its function.
During this field test examples of tasks included,
traversing several kilometers between locations,
collecting images using available filters or
camera systems. However, the much less
complex task of acquiring a single image from
the “workspace camera,” mounted below the
rover, also congtituted a single task. Often a
particular task includes multiple specifications of
various parameters that define how the task
should be executed, such as the determining of
the range over which adjacent images should be
collected. The complexity of task and the
number of parameters it requires may vary from
task to task and system to system, although each
is clearly defined by the rover and its
programming language.

Following the general operations model used
by the MER science mission [1], tasks were
created and entered into EventScope at the end
of the sol (a simulated mission day, 24 hours) by
the science team. These tasks were uploaded to
Zo&, which would complete the tasks the next
sol. The supervisory control approach is well-
matched for missions that are restricted by large
delays in communication with the rover and
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missions with small allotments for bandwidth
[4]. Both constraints were present during the
Atacama mission.

This study compared two versions of
EventScope: A and B. Version A was used
during week one of the Life in the Atacama
mission in September of 2004; Version B during
week two of the mission in October 2004. There
are two main differences between the versions.
Version B includes a positioning feature, or
pinning operation, and a template feature that
werenot in Version A.

In Version A, scientists indicated positions
by manualy determining and entering in
coordinates into EventScope. The pinning
operation in Version B, as seen in Fig. 1, allows
the scientists to place virtual pins on a satellite
image to designate a position. Ref. [1, 3]
suggests that alowing individuals to click
directly on a map increases the position
precision.

The template feature enables the team to
save tasks in the interface and use them later to
create new tasks. It was observed during the first
week of observations that the science team
tended to repeat certain sequences of operations,
such as collecting adjacent images to form a
panoramic view of a site, then collecting a series
of images under the rover. Completely
specifying these repetitive tasks was a time-
consuming and tedious chore, sometimes lasting
until 4 in the morning. Version B alowed the
scientists to copy and modify task sequences.
These new functions are believed to have made
EventScope more efficient.

A

Fig.1 Screenshot of EventScope pinning and template
features

o s law e . D e

This study measures whether the refined
version of EventScope (Version B) increased the
efficiency of the science team’s ability to plan
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and send rover tasks. The experimental
hypothesis is that because of the improvements
in the software interface, the science team spent
less time programming the rover's daily task
sequence with Version B of EventScope than
with Version A. Further, the advances in
Version B would alow the science team to
create more tasks per rover sequence (more
sophisticated sequences) than they would with
Version A. Findly, given the previous two
conditions, it is conjectured that Version B of
EventScope will have asmaller time-to-task ratio
than Version A.

|. MeTHoD

A Background

During the Life in the Atacama mission of
2004, the rover Zoé explored two distinct arid
regions in the Chilean Atacama Desert during
two separate conditions. Each region was
explored for seven days. The goal of the mission
was to ook for signs of life in the desert.

The science team was made up of six
scientists the first week and eight scientists
during the second. Each team was composed of
scientists from different disciplines. The first
team consisted of three scientists specialized in
biology, two in geology, and one in
spectroscopy. The second team consisted of
three scientists specialized in biology, four in
geology, and one in spectroscopy. The actual
number of scientists available for any sol varied,
but was typically five during the first week and
seven during the second week. The team, with
the exception of one biologist during week two,
worked from a mission control room set up in
Pittsburgh, PA where they analyzed the data
collected by Zoé and created sol’s rover plans.
The biologit who was not present
communicated with the other scientists via
emails and conference calls.

The team received data of the landing site
similar to that available during the MER mission
[1]. Then, the scientists had until the beginning
of the next sol to create and upload the rover task
seguence for the following sol’'s operations. At
the end of the following sol, the team would
receive the data collected via a password-
protected website.

Typically, the scientists received the
previous sol’s data around 7:00 p.m. and then
meet to review the data and to discuss a rough
plan for the next sol’s operations. After this, the
team would break into smaller groups or work
individually to analyze the new data. Around
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10:00 p.m. the scientists would meet to finalize
the rover plan and to enter it into EventScope.
The scientists normally finished between 1:00
am. to 3:00 am. and rested until the 11:00 am.
the next morning. From 11:00 am. to 3:00 p.m.,
the scientists re-analyzed the data. At around
3:00 p.m., the scientists would summarize their
analysis for the group. The team would then
break until the new sol data arrived.

The scientists used EventScope to create and
upload the rover plan for each sol. After
determining the location of interest, the team
would specify what data they wanted Zoé to
collect, along with any subtasks required to
perform the task. These subtasks included, but
were not limited to, determining location, camera
position, and filter.

Version B of EventScope incorporated two
features that were not in Version A. These
functions are the template feature and the
pinning operation. The template feature allowed
the team to store past task sequences. This
enabled the team to use stored common tasks to
create new tasks without having to retype
information.

The pinning operation allowed the scientists
to put a virtua pin on a digital elevation map
textured with satellite images to designate where
Zoé should go to collect data. This eliminated
the need to manually determine the coordinates
in order to create the task. In Version A, the
spectroscopist would determine the coordinates
of where the team wanted to perform a task by
locating the point on an IKONOS (satellite)
image. The IKONOS image had coordinates
imbedded into it. However, these coordinates
were not in the correct format for the rover plan.
A member of the EventScope support team
would convert the IKONOS coordinates into the
correct format. These converted coordinates
were then given back to the science team to be
entered into the EventScope rover plan.

During both conditions of the field test,
audio, and visua records of the scientists
actions were collected. The experimenters also
kept a log recording the scientist’s location,
activities, and their collaborating groups. This
log was updated every five minutes.

At the end of the mission, the website log,
the EventScope log, and the rover plans were
collected. The website log recorded all data
uploads and downloads to and from the
password protected mission website.  The
EventScope log recorded the activities performed
in EventScope. The rover plans are the tasks that
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were given to Zoé to perform
operations.

requested

B. EventScope Log

The EventScope log was analyzed to
determine the amount of time EventScope was
used. This log recorded the date, time, and
source of each operation along with the tool used
and the operation itself. The log was analyzed
by dividing it into activity clusters, blocks of
time spent working in EventScope. Each cluster
was defined as a period of activity with no
breaks between actions lasting longer than 5
minutes. The total amount of time on
EventScope for each sol was determined by
summing the duration of all activity clusters.

C. Rover Plan

The Rover plans were analyzed by
counting the number of tasks regquested for each
sol. Written in XML, these codes included the
initial state of Zoé&, the desired tasks to be
performed, and the final location of Zoé. Each
task includes all subtasks that are needed to
obtain the operation. Thus, the amount of code
required to perform each task was not considered
in the analysis.

Due to a clerical error, two versions of
the rover plan were available for Sols 3 and 4.
Sol 3 had a one task difference between the two
versions. The version with the most tasks was
used in any calculations regarding Sol 3. Sol 4
had the same number of tasks in both versions.
Thus, this number of tasks was used in al
calculations.

D. Time-to-task Ratio

The time-to-task ratio was defined to be the
duration of the activity clusters divided by the
number of rover tasks for each sol. No time-to-
task ratios are available for Sols 7 or 14, because
these were the last sols of each mission week and
no new command sequences were generated.

Il. ResuLts

A EventScope Log

A paired t-test was performed to determine
the dignificance of the time spent using
EventScope during each week. The scientists
spent the same amount of time programming
task sequences with each version of EventScope
asseenin Tablel, (t(5) = 0.776, p = 0.4731).
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B. Rover Plan

As Table | indicates, the scientists generated
sequences containing more tasks when using
Version B of the software than when using
Version A of the software (paired-t(5) = -3.85, p
=0.01).

TABLEI
DATA ANALYSIS FOR EACH SoL
Number of
Total Time Commands Timeto
Saliuries: on in Rover Command
EventScope Plan Ratio
1 2:08:19 25.00 0:05:08
2 3:35:18 22.00 0:09:47
3 3.03:56 26.00 0:07:04
4 3:29:42 30.00 0:06:59
5 4.08:46 19.00 0:13:06
6 2:24:00 21.00 0:06:51
7 1:35:15% 0.00 N/A
Summation 18:50:01 143.00 N/A
8 3:51:11 104.00 0:02:13
9 1:19:58 129.00 0:00:37
10 2:29:53 64.00 0:.02:21
11 4:25:44 94.00 0:02:50
12 2:10:59 142.00 0:00:55
13 1:33:27 25.00 0:03:44
14 0:08:45% 0.00 N/A
Summation 15:51:12 558.00 N/A

#Not used in calculations because no rover plan was created.

C. Time-to-task Ratio

Asboth Table | and Fig. 2 suggest, the time-
per-task ratio was significantly higher for
Version A than Version B (paired-t(5) = 3.93, p
=0.01).

14:00 Time-to-Task Ratio

= Condition A
@ Condition B

12:00

10:00

06:00
04:00
02:00
00:00
Sunday

T uesday W ednesday T hursday Friday

Mission Day

o
o
=)
3

Number of Task Type
(Minutes)

Monday

Fig. 2 The Time-to-task Ratio for each mission day with
Version A and Version B. Time-to-task Ratio was cal culated
by taking the time spent in EventScope divided by the
number of tasks in the rover plan that was entered into
EventScope.

IV. Discussion

A. Results Implications Regarding EventScope
The resultsindicate that Version B of
EventScope was more efficient that the
Version A during thismission. The
hypothesis that the number of tasks created
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in the rover plan would be significantly

higher in the first week than in second week

of the mission was confirmed. Additionally
it was found that the time-to-task ratio was
also substantially lower for the second week.

Originadly it was suspected that the
implementation of the positioning pinning
operation and the template feature to the
EventScope software would increase the speed at
which the team could enter the tasks into
EventScope and thus reduce the time spent using
the software package. However, athough the
scientists were able to program the tasks faster,
the improved efficiency did not reduce the
amount of time that the team spent using the
software. This disproved the first hypothesis that
the scientists would spend less time using
EventScope in Version B than in Version A.
This deviation from what was originally
expected may be explained in several ways. One
way is by the team’s set schedule. Instead of
altering the schedule in response to the efficiency
increase, the team maintained the origina
schedule. As the scientists adjusted to the
number of tasks they could enter into
EventScope in their allotted time the daily rover
tasks became more compl ex.

Sequences created with Version B contained
nearly four times as many tasks as Version A.
This substantial increase in number of tasks may
have allowed the scientists to have more in-depth
data to analyze when determining the presence of
life in the Atacama Desert, their primary
objective.

The team stayed well into the morning to
complete the rover plan and enter it into
EventScope. Although the hours were long and
tedious, the scientists preferred to stay and
complete complex rover plans instead of simple
and short plans. This implies that the team felt
that the data generated from the more complex
plans was beneficial enough to justify the hours
spent entering plans.

An dternative explanation for why the time
spent in EventScope did not decrease, is that the
scientists had more tasks than what they could
convey to Zoé in the allotted time. The increase
of efficiency of EventScope coupled with the
lack of decrease in time using EventScope is
consistent with what would be found if the
software  package was  limiting  the
communication between the scientists and Zoé.
However, further research would need to be
completed to thoroughly analysis this hypothesis.

The results suggest that Version B is more
efficient than Version A. There are severd
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variables in this study that may have contributed
to the increase in efficiency besides the added
featuresin Version B. However, these variables
would not have resulted in the dramatic increase
in efficiency on entering in the rover plan into
EventScope.

Version B was used while the science team
explored a different area of the Atacama Desert
than they had with Version A. In both cases the
scientists were trying to identify habitats
conducive to life. There may have been some
areas that were more interesting in this respect
when Version B was used than when Version A
was used. These sites may have required more
complex analysis and tasks. However, there is
no evidence to support this. The transcripts do
not suggest that the scientists found one site or
the other more interesting nor more demanding
of their attention. Certainly, there was no
indication that features in the area required four
times as many tasksto analyze.

The number of scientists participating varied
between the two weeks. During the first week
there were six scientists; during the second week
there were eight scientists.  Some of the
scientists participated in both missions while
others only participated in one. The increased
number of participants in the second week could
account for the increased complexity of the rover
plan. However, this seems unlikely to explain
the large increase in efficiency of entering in the
plan into EventScope. Although al of the
scientists discussed the plan while looking at the
EventScope interface and learned the details of
the tasks directly or indirectly from the interface,
only one of the participants actually entered in
the rover plan each sol. The same participant
performed this job with both versions of the
software. Thus, the larger number of
participating scientists did not affect the number
of people working directly with EventScope. A
complex plan should have taken the EventScope
programmer/scientist longer to enter than a
simple plan.

A learning curve might account for the
participant’s improved efficiency in entering in
the rover task segquence, but that seems unlikely.
Version B was used after Version A, so it is
possible that the participant training rather than
software design could account for the improved
performance. If this was true, it would be
expected that task programming efficiency
would increase steadily from the first sol of the
first week to the last sol of the second week.
There should also be a very small difference in
performance between the last day using Version
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A and the first day using Version B, if not a
dightly lower efficiency when starting with
Version B because a change in the software
would diminish the benefit of training experience
and the performance loss suffered when the
participant was not working with the software.
The exact opposite pattern was observed. There
was little increase in efficiency during each week
of operation and there was a substantial jump in
efficiency between the two weeks, corresponding
to the introduction of the new version. This
indicates that the increase in efficiency is not due
to a learning curve of the participant entering in
the plan.

With the above variables determined not to
be the reasons for the increased efficiency, it
appears that the efficiency increase is due to the
addition of the positioning pinning operation and
the template feature implemented in Version B.
These functions helped the team with their
interaction with Zo&. Although there was no
statistical difference between Version A and
Version B regarding the time the scientists used
EventScope, there was significant difference in
the number of tasks in the rover plans and in the
time-to-task ratio between Versions A and B.

There are several reasons why the pinning
operation may have been effective for the team
when entering the rover plan into EventScope.
The pinning operation eiminated the need to
manually determine and convert the coordinates
in the correct form. This operation took the job
of determining the coordinates and trandlated it
into determining areas of interest on amap. This
is a task that is much more natural for the
scientists [1, 3]. The less time that the team has
to spend trandating information into a format
that the rover can understand, the more efficient
the system becomes and the more beneficial it is
for the operators involved.

The template feature also benefited the team
in entering in the rover plan in a more efficient
way. It enabled the team to create frequently
used subsets of a particular task. This was
useful, because the team did not have to decide
and reenter the more trivial aspects of a task.
The templates allowed the team to organize their
rover planning in a pattern that matched the way
they thought. They were able to relate it to
previous rover plans, which helped with
visualization of the requested data and
elimination of redundant typing.

B. Results
Methodology

Implications Regarding
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Besides analysis of the efficiency of this
particular software package, this study also
creates a methodology in which to study the
different software packages that are being used
in remote rover missions. Specificaly this
methodology could be used to compare different
software packages and versions used to support
supervisory control systems in regards to rover
planning tasks. Many of the software packages
that are currently being used are considerably

different from one another [eg. 1, 3]. These
packages use different task codes to
communicate the tasks to the rover. These

differences create problems in comparing one
software package to another. Although there are
many differences, every software package
communicates information from the operator to
the rover. Because the current methodology
investigates the general tasks that are given and
not the specific format of the tasks, other
software packages can be analyzed in the same
way. Thisisan essential tool when determining
which software package is best suited to be used
in an upcoming mission.

This tool for studying different
supervisory control system software packages is
important because it can compare the common
denominator. However, there are limitations to
the current methodology. It is important to look
at the complexity of each task. The current
method does not take into consideration the
number of parameters needs to perform each
task. For the current study, this is not an issue
because the number of parameters needed to
perform tasks does not differ between the
different EventScope versions. The current
methodology sets a stepping stone to create an
even stronger methodology in which to compare
supervisory control systems. For future studies,
it would be beneficial for the methodology to
also include the complexity of completing a task
based off of the rover command sequences.

V. ConcLusion

A.  Rover
Implications
Rover planning software must be efficient to
facilitate communication between scientists and
the rover. These software packages play a
crucia role in human-rover communication and
can greatly influence the success of a mission to
explore potentialy dangerous or distant
environments. The current study found that the
efficiency of EventScope has increased by nearly
four times since implementing the position

Planning Software Packages
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pinning operation and the template feature.
These features are important not only to
EventScope but also to future advancements in
rover exploration technology. Implementation of
these features into other software programs
should improve their efficiency as well. This
results in improved software packages that allow
scientists to express their requests to the rover,
which will product valuable data and more
successful missions.

It is aso be important to be able to evaluate
these different software packages to determine
which package is best for a given mission. The
methodology used in this paper is a strong
starting point to create a way in which to
compare rover planning software packages
between different versions and packages.
However, future research should be completed to
improve this methodology.

B. Future of EventScope

With the success of the positioning pinning
operation and template function, more features to
increase the efficiency of EventScope are being
implemented. The current pinning operation is
being investigated to see if it is beneficial to
improve the access of data by clicking on the
pins. There also are plans to make EventScope
more useable by adjusting the interface of
EventScope to eliminate overlapping text on the
pins, as well as, to changing the actions to be
listed in chronological order. Other changes
include allowing the scientists to view data as it
downloads instead of waiting for the data to be
completely downloaded.

Entering in the rover plans is not the
only way to create a more efficient software
package for the. There are current plans to
create an area in EventScope that allows the
team to know why certain operations were not
performed. This will be an important
implementation. Ref. [3, 4] suggests that there
are significant benefits in allowing the rover to
explain what problems have arisen and why the
task sequence was not completed. This
information will allow the team to make more
informed decisions when creating rover plans.

Understanding current and possible
future locations is aso essentiad for
communication with the rover.  Presently,
EventScope has a triangulation tool that assists
in determining the location of the rover. The
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tool is being revamped to make it easier to use.
Thiswill be very valuable for the operation since
the rover’s interna localization is primarily an
estimate. The next step is to test the tool with
additional datasets and verify the results.

With the aready implemented
improvements and the current plans to create
new useful tools, EventScope will be a software
package that allows operators to efficiently
communicate with remote rovers. This
heightened efficiency will create a high grade of
performance in communication between the
operator and the remote rover.
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